Background
The upper airway in neonates and children differs from the upper airway of a normal adult. These structural differences are most dramatic in the neonatal upper airway and become less significant as the child grows. The main differences include that the larynx is located higher in the infant than in the adult which causes the tongue to sit more superiorly and closer to the palate in infants; a stiff and relatively larger epiglottis than in adults, and a tongue that is larger in proportion to the size of the mouth than the adult tongue. Infants also have poorly developed cartilaginous integrity, allowing for more laxity throughout the airway. Despite these differences, infants tend to maintain their airway patency via a fine balance of pharyngeal and lingual muscular tone and position. During normal respiration, diaphragmatic contraction initiates inspiratory airflow and the pharyngeal airway narrows because of the suction forces. The pharyngeal airway patency is maintained by a complex mechanism of pharyngeal-dilating muscles that counter the suction forces preventing the airway from collapse during inspiration. This JBI Database of Systematic Reviews & Implementation Reports 2013;11 (10) The micrognathia and obstructive apnea contribute to a wide range of clinical problems in these children. Prolonged obstructive apneic episodes lead to hypercarbia and hypoxia. These children also tend to have higher caloric consumption due to their repeated attempts to clear their upper airway. It is unknown what effect the chronic hypoxia, hypercarbia and increased caloric intake have on the developing brain. These infants also have significant feeding and swallowing problems, secondary to an inability to respire and eat at the same time; thus often these infants fail to thrive 2 . An increased incidence of gastro-esophageal reflux has also been observed in these children. It is hypothesized that upper airway obstruction results in negative intra-thoracic pressure that can cause a suction-type effect on the gastric contents. 3 All of these complications are secondary to the upper airway obstruction;
hence the priority is to treat the upper airway obstruction. It is yet to be determined if relieving the upper airway obstruction will also resolve these complications.
The majority of patients born with micrognathia are asymptomatic and can be treated conservatively, with prone positioning and/or non-invasive techniques like the use of a nasopharyngeal airway and/or application of nasal continuous positive airway pressure. The success of using nasopharyngeal airways has varied in the literature, ranging from 48% 4 to 100%. 5 As the neonate/infant grows, they often demonstrate mandibular growth that leads to an improvement in upper airway control and a reduction in apnea. Large case series looking at children with non-syndromic PRS determined that less than 10% required surgical intervention. 6 For neonates with severe obstructive apnea, or those for whom conservative treatment failed, the airway compromise can be a surgical emergency. Several surgical treatments have been suggested. In 1946, Douglas described the use of tongue-lip adhesion for the treatment of upper airway obstruction associated with micrognathia. 7 Some advocate this technique as the first line surgical treatment for the majority of children who failed conservative treatment and report successful outcomes. 8, 9 Others have challenged this approach, and found that most children who undergo tongue-lip adhesion required secondary surgical treatment within four months of initial treatment 10 . Tongue-lip adhesion was also associated with complications like wound dehiscence and feeding difficulties. The default surgical option for micrognathia patients for whom conservative treatment has failed, is a tracheostomy. 11 Tracheostomy is a technique that creates an airway within the trachea, below the level of an upper airway obstruction. A tracheostomy however, is associated with significant morbidity, cost and mortality. Children with PRS who require a tracheostomy often require it for several years before decannulation, often suffering developmental delay and significant negative psychosocial impact on the child and their family 11 .
The principles of distraction osteogenesis originate in the early 1900s 12 , but only found practical applicability in the 1950s in the works of Gavriil Ilizarov, a Russian Orthopaedic Surgeon who developed a procedure to lengthen long bones based on the biology of bone and the ability of the surrounding soft tissues to regenerate under tension. 13 He initially used the technique to treat fracture non-union and leg length discrepancy. This technique involved the following principles:
1. The healthy bone segments are sectioned with a saw.
2. The leg is then fitted with an external ilizarov frame, which maintains adequate immobilization and allows for controlled displacement of the two bone segments.
3. After a latency period of approximately four days, screws attached to both segments are turned at 1millimetre per day, so that new bone forming in the growth zone is gradually pulled apart to increase the gap.
4. After the ideal bone length is achieved, the leg is immobilized in the same frame for approximately one month for every centimeter of lengthened bone, allowing the new bone to mineralize and reach adequate strength for weight bearing.
Since the mid-1980s to early 1990s, this technique has been adapted in the oral and craniomaxillofacial skeleton in order to deal with various types of reconstructive dilemmas. 14, 15 Mandibular distraction osteogenesis for infants with mandibular hypoplasia begun at the same time, and was initially used for unilateral mandibular lengthening by distraction for cases of hemifacial microsomia, 16 and bilateral cases of Treacher Collins Syndrome. 17 In the first cases using mandibular distraction for improving upper airway obstruction, it was used to facilitate removal of a tracheostomy. Since then, it is increasingly used for the management of neonates and infants with micrognathia or Pierre Robin Sequence 10 . Initially, corticotomies were performed in the mandible bilaterally, and external distractors were applied for the distraction process. The standard Ilizarov recommendation for rate of distraction of 1mm/day was employed.
As with all areas of clinical medicine, with the advances of new technology and further experience with new techniques, various modifications have been made to the treatment protocol. External distractors were replaced by internal distractors, and there is substantial evidence that scarring is reduced without increasing the rate of infection 10 . Other modifications include the corticotomy/osteotomy design, the rate of distraction, various latency periods for consolidation, and use of biological adjuncts, such as bone morphogenic protein to enhance bone regeneration in the distracted segment. Lack of longitudinal comparison between these procedures limits the surgeon's ability to select the appropriate procedure.
The most important variable is the rate of daily distraction. The recommendation of 1mm/day by Ilizarov is for long bones and may not apply in the craniofacial skeleton. The studies on mandibular distraction to this point have been using a variety of distraction rates. These vary from distraction at a rate of 1mm/day, up to 5mm/day. 18 It is important to determine if there is an ideal daily rate of distraction, and whether it differs in certain age groups, as this may directly affect length of hospital stay, rate of early reoperation and rate of complications.
A systematic review performed in 2007 and published in 2008 evaluated the effectiveness of mandibular distraction osteogenesis for use in several clinical applications. 19 This review included studies found using the Pubmed library on the applications of unilateral and bilateral mandibular distraction in both children and adults. Long-term outcomes in children were not evaluated, and the reasons for failure of distraction were also not discussed. The review reported the range of distraction rates, but did not compare the rate of distraction with patient outcomes; nor were various age groups compared.
The results of several retrospective and prospective case series have been published since the review by Ow and Cheung. 19 This review protocol will build on the work of Ow and Cheung 19 , by extending the search across multiple databases to include the current best available evidence for the effectiveness of mandibular distraction in comparison with tracheostomy for treating upper airway obstruction in children. It also aims to determine the effects of mandibular distraction on the other complications of micrognathia including gastro-esophageal reflux, feeding and weight gain, and facial development.
Finally, this review also aims to determine if the surgical outcomes are affected by rate of distraction.
Distracting the mandible by 1mm/day or 2mm/day or more may impact upon the rate of complications, early reoperation, and length of hospital stay. It is important to determine if there is an ideal rate of distraction for children undergoing mandibular distraction osteogenesis and whether this rate varies between age groups.
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Inclusion criteria

Types of participants
This review will consider studies that include: 
Types of intervention(s)/phenomena of interest
This review will consider studies that evaluate mandibular distraction osteogenesis.
Comparator: tracheostomy
Types of outcomes
This review will consider studies that include the following outcome measures: Airway patency -The primary outcome for consideration will be reversal of obstructive apnea and the ability of the child to maintain airway patency. This will be measured in some studies with polysomnographic results, that provide objective evidence of improvement. Other studies that will be considered will report subjective airway improvement based on the child being able to maintain oxygen saturations without additional airway supports. In children who already have a tracheostomy in place, the ability to de-cannulate after distraction osteogenesis also demonstrates the child's ability to maintain airway patency without adjuncts.
Feeding and weight gain -As discussed above, upper airway obstruction leads to a hypermetabolic state, which often manifests as a failure to thrive. Children with micrognathia also tend to have swallowing abnormalities because of abnormal pharyngeal and tongue movements, leading to increased risk of aspiration and inability to tolerate oral intake. This outcome can be reported in studies as subjective assessment of the infant's ability to tolerate oral intake without coughing or evidence of aspiration, or requirement for feeding aids such as nasogastric tubes or percutaneous gastrostomy.
Some studies may report rate of weight gain or results of swallow studies pre-and post-operatively.
Gastro-esophageal reflux -This outcome of interest can be reported as a reduction in the symptoms of GORD, or objective evidence of improvement in upper GI series or pH monitoring before and after surgery.
Long-term outcomes -This outcome of interest will evaluate evidence of normal or abnormal facial growth, and the need for future surgical intervention. This includes future pharyngeal surgery/orthognathic surgery or other surgical interventions. Ideally this outcome will be measured by cephalometric measurements compared with normal subjects at skeletal maturity. If available, studies that include long-term dental development in children who have undergone mandibular distraction will also be included. Surgical outcomes -This outcome will look at important factors related to the surgical procedures themselves, and the complications associated with them. The main outcomes of interest are the number of days in hospital, the rate of complications and the need for early re-operation. The main complications for which data will be collected are: scarring, infections, pre-mature osseous fusion, early-re-operation and damage to the developing dentition.
Subgroup analysis will be performed where possible to compare surgical protocols, syndromic and non-syndromic children with micrognathia, male and female patients, and age at time of surgery with regards to number of days in hospital, re-operation rates, and rate of complications.
Types of studies
This review will consider both experimental and epidemiological study designs including randomised controlled trials, and in their absence, non-randomised controlled trials, quasi-experimental, before and after studies, prospective and retrospective cohort studies, and case control studies.
The review will also consider descriptive epidemiological study designs, including case series and case reports for inclusion.
Search strategy
The search strategy aims to find both published and unpublished studies. A three-step search strategy will be utilised in this review. An initial limited search of MEDLINE and CINAHL will be undertaken followed by analysis of the text words contained in the title and abstract, and of the index terms used to describe the article. A second search using all identified keywords and index terms will then be undertaken across all included databases. Thirdly, the reference list of all identified reports and articles will be searched for additional studies. Studies published in English will be considered for inclusion in this review. Only studies published after 1990 will be considered for inclusion in this review, as this is the first reported case of the use of mandibular distraction osteogenesis in children with airway obstruction.
The databases to be searched include: 
Assessment of methodological quality
Papers selected for retrieval will be assessed by two independent reviewers for methodological validity prior to inclusion in the review using the standardized critical appraisal instruments from the Joanna Briggs Institute Meta Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI) (Appendix V). Any disagreements that arise between the reviewers will be resolved through discussion, or with a third reviewer.
Data collection
Data will be extracted from papers included in the review using the standardised data extraction tool from JBI-MAStARI (Appendix VI). The data extracted will include specific details about the interventions, populations, study methods and outcomes of significance to the review question and specific objectives. The authors of the included studies will be contacted if important data, relevant to the review, is not included in the published papers.
Data synthesis
Quantitative data will, where possible be pooled in statistical meta-analysis using JBI-MAStARI. All results will be subject to double data entry. Effect sizes expressed as odds ratio (for categorical data) and weighted mean differences (for continuous data) and their 95% confidence intervals will be calculated for analysis. Heterogeneity will be assessed statistically using the standard Chi-square and also explored using subgroup analyses based on the different study designs included in this review.
Subgroup analyses will be performed where possible to compare surgical protocols, syndromic and non-syndromic children with micrognathia, external and internal distraction, and age at time of surgery, with regards to number of days in hospital, early re-operation rates, and rate of complications. Where statistical pooling is not possible, the findings will be presented in narrative form including tables and figures to aid in data presentation where appropriate.
